. A comparative study of tree community structure and natural regeneration status in Bontang urban forest and conservation forest of the LNG Industrial Plant Area, East Kalimantan, Indonesia. Biodiversitas 20: 2841-2847. The objective of this study was to describe and compare the community structure and natural regeneration status of tree species in urban forests within industrial estates. This study was conducted in two types of forests, Bontang urban forests within industrial area and conservation forests in the Industrial buffer zone area. At each forest location, a transect was made, and along the transect, a plot of size 20 x 20 meters was made with a distance between plots of 100 meters. In each plot, several subplots were made with size of 5m x 5m for sapling level, and 2m x 2m for seedling level. The results of this study showed that in urban forest areas there were 32 tree-level species, 21 sapling species and 15 seedling species, belonging of 49 genera and 39 families. The number of species, species richness, species diversity, evenness of sapling and tree-level species was more in urban forests than in conservation forest, and the condition was vice versa for seedling level. The value of species dominance index in conservation forest was greater than urban forest, and conversely, the value of individual density/ha for tree-level was 562.50 individuals/ha, sapling level was 7,933 ind./Ha and for seeding level 80,625 ind./ha. Of the 53 urban forest species, 28 species (52.83%) were in no regeneration category, 3 species (5.66%) were in poor regeneration category, and 22 species (41.50%) were in the new species category. In contrast, among 76 species of the conservation forests, 8 species (10.52%) showed good regeneration status, 13 species (17.10%) showed poor status and 55 species (72.36%) showed no regeneration status. From the results, it can be concluded that the Bontang urban forest in the industrial area shows no regeneration status and the emergence of new species. In the context of conservation, it is recommended to implement special silvicultural techniques to maintain the biodiversity of this urban forest.
INTRODUCTION
The Bontang urban forestry, which is located in the industrial area of a liquefied natural gas refinery, is considered as an ecosystem that has rich and unique flora and fauna, and many commercially and historically valuable tree species, as the rest of the lowland tropical forest ecosystems of East Kalimantan. This forest is the result of fragmentation since 1972 from its main habitat, Kutai National Park. The urban forest is currently very well-protected and keeps showing a picture of the lowland type of Dipterocarpaceae primary forest. This condition is due to the the very tight security provided by the company's security forces for this region.
Based on the estimated age of trees carried out by Zuhud et al. (1995) , there exists several species of trees older than 100 years, such as Canarium caudatum., Litsea spp., Bischofia spp., Eugenia spp., Lophopetalum spp., Ficus spp. etc. The estimated age of a Canarium caudatum tree is 535 years. There are 18 protected species located in this area, namely: Alstonia scholaris, Aquilaria malaccensis, Diospyros buxifolia, Diospyros coriacea, Diospyros rigidus, Diospyros sumatrana, Diospyros toposioides, Drybalanops sp., Duabanga moluccana, Dyera costulata, Eurycoma longifolia, Eusideroxylon zwageri, Fagraea fragrans, Flacourtia rukam, Ganua motleyana, Lophopetalum beccarianum, Shorea leprosula, and Styrax macrocarpa. From the inventory, theoretically, there are potential areas for other planting activities in this urban forest area. Mishra et al. (2013) has stated that the assessment of the structure and composition of forest communities is very important to understand the condition of tree populations, their regeneration capabilities.. Natural regeneration is one of the factors that can change the stand structure of tree species growing, the number of trees, the location and composition of trees over time (Kusmana and Susanti 2015) . Therefore, understanding the status of regeneration and how it influences the abiotic and biotic factors is important for ecological studies. The natural ability of forests to regenerate species is the key to the ecosystem to be able to continue carrying out its functions. The process of regenerating a species is largely determined by the seed production process and its spread, germination power, and its growth power from seed to adulthood. Regeneration is a recovery process that occurs in the forest where trees that have died naturally or due to wind exposure, flooding, logging will be replaced by new individuals. Dead trees that have seed banks, will be replaced by seedlings of the same plant species. Light tolerant species regenerate quickly and survive into adulthood. But the seedlings of light intolerant species will experience dormancy and regeneration will occur only under shaded conditions.
Maintenance of forest stands with sufficient regeneration is the main target in conservation ecology. The existence of strict protection by industrial companies for fragments of the urban forest is very helpful for ensuring their sustainability, but because of their isolation from original forest, reproductive capacity may be affected resulting in a typical regeneration status. Information about the structure and composition of the community as well as the regeneration status of this forest type has never been reported. It is also very interesting to study how the community constituents of isolated forest fragments and the regeneration ability of each species in them. The results of this study are expected to be helpful inputs for determining management strategies and policies of Bontang urban forest areas in order to ensure their sustainability.
MATERIALS AND METHODS

Location and characteristics of study areas
Geographically, Bontang City is located between 117 o 23' and 117 o 38' East and between 0 o 01' and 0 o 12' North. The location of Bontang Urban Forest is in the area of PT Badak Natural Gas Liquefaction covering ± 7.4 hectares, and located in geographical coordinate points of N 0 0 06'5" and E 117 0 30' (Figure 1 ). This area was designated as Bontang City forest on 31 May 2012 based on the Bontang Government Decree No. 259/2012 on Determination of Natural Forests of PT. Badak NGL as Green Open Space or Urban Forest.
The soil type is dominated by yellow, alluvial and latosol complex red pod solid. This soil has topsoil that is thin and sensitive to erosion and nutrient-poor. Based on the Schmidt and Ferguson classification, this region has type B climate with Q values ranging from 14.3 to 33.3%. From the data at the observation station in the Bontang area, the average annual rainfall is 1543.6 mm and the average temperature is 26°C (ranging from 24 to 33°C) with a relative humidity of 67-98%.
Sampling method
Sampling is carried out in the Bontang urban forest (Location A) which is in the Liquefied Natural Gas plant environment and the conservation forest managed by the company in the buffer zone between the company area and the outside environment (Location B). Field data collection is carried out with a plot transect system to make a path along the field contour. The lines are made of 6 transects (2 transects at Location A and 4 transects at location B) with a length of 500 m or more and 20 m wide, with a distance of 200 m in between. In the transect, observation plots are made intermittently with a distance of 100 m between each plot. In each plot, several subplots are made, namely a 20m x 20m plot for tree-level samples, 5m x 5m for the sapling level, and 2m x 2m for seedling levels. Along the paths in the plot, the types found from the lower plants to the large and small trees are recorded. Plants are divided into seedlings, saplings and trees (Pudyatmoko et al. 1997; Sing et al. 1986; Dhar et al. 1997; Kusmana 1997; Ngo et al. 2017) . The size class categories are "seedling level", i.e. the regeneration of tree species (dbh <2 cm and height <150 cm); "Sapling level", i.e. above 150 cm high and chest height> 2cm to <10cm, and "tree level", i.e. diameter at breast height >10 cm. The species of plants that cannot be identified in the fields, are identified using herbarium, in the laboratory of the Dendrology Faculty of Forestry University Mulawarman Samarinda.
Data analysis
The value of density, frequency and important values are analyzed based on the formula of Cox (1976) . The diversity of tree species is calculated based on (i) diversity index of Shannon (H'), and (ii) evenness index (Mueller-Dombois and Ellenberg 1974). Species importance level in each location is calculated by adding relative values of frequency, density and dominance. Data used for the analysis of tree species regeneration status consists of family, species name, number of trees, the population of sapling and seedling levels of each species. Criteria used for assessing species regeneration status was according to Malik and Bhatt (2016) which is as follows: tree species are declared as having "good" regeneration status, if seedling level population> tree>, "fair" if seedling level population> or ≤ stake ≤ tree, "poor" if there is only sapling level individuals, no seedlings (seedlings <,> or = tree), "no regeneration" if there is only tree level, saplings and seedlings are not found, and "newcomer species " if there are no trees but only saplings and or seedlings .
RESULTS AND DISCUSSION
Forest community composition and structure
Analysis of species composition in the sampling plots of two remnant forest fragments studied (Locations A and B), revealed that the number of tree species ranged between 10 and 32, number of sapling level species ranged between 3 and 21, and sapling level ranged between 7 and 34. The values of density, relative density, relative frequency, species richness, important values of species, species diversity index, dominance index, and evenness index are presented in Table 1 . Based on the data in Table 1 , forest fragments in buffer zones of industrial forest conservation companies had an average density of 491 trees/ha, 3,725 saplings/ha and 69,218 seedlings/ha, , and 562 trees/ha, 7,933 saplings/ha, and 80,625 seedlings/ha, in Bontang urban forest. The average Margallef (R) richness index values for the level of trees, saplings and seedlings in conservation forests in the buffer zone ranged between 3.48 and 5.77 (medium to high). In Bontang urban forest, the species value (R) for the tree level was 7.25 (high), for sapling level was 4.66 (medium) and for seedling level was 3.16 (low). This condition illustrates that in urban forests there were more species richness of trees than seedlings and saplings. The Bontang urban forest in the company area had more tree species than conservation forests in the Industrial buffer zone.
The tree-level biodiversity (H') index value in each sample plot was classified as moderate to high with a value of 1.5. > 3, seedlings and saplings were classified as moderate with H' values between 2 to 3. Dominance index values (C) for all growth stages were low with values of 0 <C <0.5. Evenness index value (e) of all growth stages were found to be almost even with e values between 0.76 and 0.96. This may be due to the relatively similar number of specify species of forest fragments, so that competition between species was relatively low.
Regeneration status
According to the regeneration status based categories proposed by Malik and Bhatt (2016) , among 76 species of trees recorded from the conservation forest of the buffer zone area, 8 species (10.52%) showed good regeneration status, 13 species (17.10%) showed poor status and 55 species (72.36%) showed no regeneration status. Tree species that showed good regeneration included Shorea johorensis, Shorea sp., Croton griffithii, Vitex pinnata, Ficus variegata, Archidendron jiringa, Syzygium sp. and Nauclea officinalis. Among the seven Dipterocarpaceae species, only two species, namely Shorea sp. and Shorea johorensis, had good regeneration status.
Among the 53 tree species found in Bontang urban forest, none showed good regeneration status, 28 species (52.83%) showed no regeneration status, 3 species (5,669%) showed poor regeneration and 22 species (41.50%) belonged to generation of new species. All the 7 Dipterocarpaceae species recorded including Vatica umbonata, Shorea leprosula, S.ovalis, S.johorensis, S.smithiana, S.elliptica and Anisoptera costata showed no regeneration status (Table 2 , Table 3 ).
The problem of lack of regeneration, especially for Dipterocarpaceae plants, is in line with Yasman (1994) and Smits (1986) stating that Dipterocarpaceae seeds are recalcitrant so they cannot be stored for a long time, while erratic flowering and fertilization ranges from 4-5 years once or every 5-13 years. Due to this condition, seeds are not available every year. Therefore, it was difficult to find seedlings of Dipterocarpaceae species. Inability to find any mother trees that was flowering or bearing fruit is an indicator that the trees are facing difficulties in flowering in urban forests, and also in conservation forest areas of the buffer zone. Among the seven species of Dipterocarpaceae, only two seedling species were found, namely Shorea sp. and Shorea johorensis.
Discussion
Understanding the ecology of the old forest and maintaining its distinctive biological diversity requires a very long and extensive study of its various aspects. The process of natural regeneration of forest ecosystems is a parameter that plays an important role in the sustainability of the structure and composition of its plant species. The long history of the formation of forest fragments in Bontang City has included the environment of the liquefied natural gas refinery industry since the 1970s. Without being disturbed by the company, this forest exists as representative of lowland tropical forest in East Kalimantan. Tree density is 562 Ind./ha, sapling density is 7,933 Ind./ha and seedlings and understorey density is 80,625 Ind./ha. The average species richness of trees in the urban forest is high (R> 5), but the sapling is in a moderate status (R = 4.66) and the seedling level is low (R <3.16). The average tree diversity index value is in high category (H' > 3) and the sapling and seedling diversity conditions are in moderate status (H' between 2-3). The average value of evenness is quite even (e between 0.76 -0.96), but the dominance index is low for all tree stratification, sapling and seedlings (C values <C <0.5).
Some tree species show lack of regeneration in the Bontang urban forest area which is in the liquefied natural gas refinery industry, namely Planchonia grandis Ridl, Alstonia scholaris (L.) R.Br, Cratoxylum formosum (Jack) Benth. & Hook.f. ex Dyer., Vatica umbonata (Hook. f.) Burck, Shorea smithiana Sym, Shorea leprosula Miq,
